Abstract
Introduction
Due to the era development, the competitive environment, new customer demand, enterprise technology innovation theory, increasing practical difficulties and the complex innovation process, the enterprise technology innovation system must adapt to the change of the complex system, adapt to the systematic perspective, dynamic perspective and cooperative perspective of market; under this background, how to evaluate the enterprise technological innovation capability of the enterprise itself and the different enterprises (that is, the technological innovation ability ranking) is worth studying.
According to the description of the self-organizing theory, enterprise technology innovation system originates from the non-equilibrium (in the sense of innovation, the equilibrium is relatively balanced, so there is dynamic condition), so it needs to inspire the relatively stable structure to change, and realize the new non-equilibrium steady state. But it is hard for the self-organization process analysis based on the internal nonequilibrium process to guide the enterprise to build executable management architecture. For non-equilibrium transformation process, therefore, the change factor must be found from the external equilibrium (often expressed by external control variables), so that the complexity and difficulty of implementing and the building the model can be lowered. At the same time, the characteristics of self-organization are reflected in the collaborative theory, which can be used to analyze and describe the nonlinear dynamic economic system [1] , in particular, it can be used to analyze and describe the complex system consisting of the subsystems with entirely different characteristics [2] . A variety of highly nonlinear phenomena are considered to assess the capabilities and the generalization extent of the suggested approach [3] . So the "collaborative" can be defined as: different subsystems, through cooperation and competition, form the space-time or function architecture in the macroscopic level [4] . In other words, collaboration defines the selforganizing rules of the subsystem from the overall level rather than exploring the specific properties of subsystems. Peng Jisheng, on the basis of market competition structure change, discusses the evolution rule of technological innovation, thinks that the technology innovation has generated five generations of innovation process models, and the change tendency is the technology collaborative innovation model [5] .
To sum up, Michela Milano and Michele Lombardi address problems where decisions to be taken affect and are affected by complex systems, which exhibit phenomena emerging from a collection of interacting objects, capable to self-organize and to adapt their behaviour according to their history and feedback [6] . the project team thinks that the enterprise technology innovation complex system involves the cooperative game of collaborative system [7] [8] [9] , not only including the enterprise product development system and production system, but also including the corporate strategic decision-making, marketing and human resources such, the essence of which is an incomplete, imprecise grey system; the grey relational analysis can be selected evaluating the technological innovation capability of enterprise itself and different enterprises, that is, on the basis of the evaluation index of system evaluation object, use the correlation analysis of grey system theory to calculate the relevancy of the evaluation object, and rank the evaluation objects according to the correlation [10] . Designing the way a complex system should evolve to better match customers' requirements provides an interesting class of applications [11] , the team optimizes the grey relational analysis model, uses weight coefficient method to determine the weight of each evaluation index, in order to reduce the human factor, improve the scientific nature and rationality of the evaluation model [12] .
Building the Grey Relational Analysis Model of Enterprise Technology Innovation Capability Evaluation
Model assumption: (1) Given that there are " m " enterprises to be evaluated, and there are " n " evaluation indexes, all indicators are expressed with vector, written
is the optimal value of the" j " indicator in the enterprises to be evaluated; when the indicator is the "efficiency" indicator, j x 0 is the maximum value; when the indicator is the "cost" indicator, j x 0 is the minimum value. So
can be seen as the optimal enterprise evaluation system as the reference standard for evaluation.
The standard processing formula of original index value is:
After the standard indicator, the correlation coefficient ij  can be obtained: 
 
Thus the correlation i w of various enterprises and the optimal enterprises:
The formula explains that: formula (1) specification against the "efficiency" indicator; formula (2) specification against the "cost" indicator; in formula (3), ij  is the " j " correlation coefficient of the " i " optimal enterprise, "
 " is the resolution coefficient,
 is 0.5; in formula (4), i w reflects the comprehensive correlation of all the indicators, which is the correlation of each enterprise and the optimal enterprise, j u is the weight of evaluation index. According to the formula (4), the size of i w can determine the enterprise technology innovation ability and sort it out.
Model Optimization by Weight Coefficient Method
Given that the random variable
is one feature of the uncertain information system, the probability value is i p , (6) For j r , the information entropy j E :
The weight coefficient of " j " indicator is:
The formula (4) can be turned into:
The formula shows: the probability of each assumption in this paper is equal, namely 
Model Applications
The project team, according to the market research and related theory [15] [16] [17] , establishes the index system of enterprise technology innovation ability as shown in Table  1 Note: the quantitative index values shown in Table 2 can be got from the various accounting data and statistical data of the enterprise.
Here, , use Excel to calculate the information entropy [18] [19] j E and weight j u , as shown in Table 3 : According to the grey relational analysis evaluation method, set Y 0 as the evaluation criteria:
Y 0 =(1.0000,1.0000,1.000,1.0000,1.0000,1.0000,1.0000,1.0000,1.0000,1 .0000,l.0000,l.0000,1.0000,l.0000,1.0000,1.0000) Then: Finally, according to the formula (9), calculate the weighting relevancy (see Table 5 ) of each enterprise against the optimal reference, and the enterprise technological innovation capability evaluation system ranking list (see Table 6 ). The above ranking and the macroscopic evaluation result is consistent, showing that the built evaluation model of enterprise technology innovation system capability is effective, and it can offer the clear innovation ability data value of different enterprises (the optimum reference value), providing the useful decisionmaking reference for the enterprise technology innovation system, the optimization technology cooperative system.
Conclusion
This paper, based on the self-organization theory and collaborative theory, puts forward the focus issue faced by the enterprise technology innovation capability evaluation system, points out that its essence is the evaluation of complex systems, uses the grey relational analysis model and the weight coefficient method to optimize. Finally, use the optimization model to comprehensively evaluate the technological innovation ability of the seven enterprises, providing the beneficial exploration for enterprises to promote technology innovation and improve the technological innovation effect.
Because of the limitation of subjective and objective conditions, some issues in this paper remains to be studied further: there is no further discussion for the dynamic evolution of the model, that is, the enterprise is in different development stages in life cycle, the technology innovation evaluation system has different characteristics, how to set the index coefficient [20] , and the dynamic change of enterprise technology innovation ability, etc., which remain to be explored further in the future.
